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Abstract
Over the years, research into robotics has yielded many applications in several sectors such as manufacturing, domestic and 
sports industries. This paper discusses the development of an autonomous tennis ball retriever robot for the sports sector. The 
robot was developed with the aim of saving the time and energy of the tennis player from manually collecting the tennis balls 
after training sessions. The developed autonomous robot is able to retrieve tennis balls by sweeping around the tennis court. The 
paper discusses the system configuration in terms of mechanical and controller subsystems, the navigation and system 
performance. The knowledge and experience gained from the development of various sub-systems of the robot is useful for 
educating the undergraduate students.
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1. Introduction 
Nowadays, Robotics is a multi-disciplinary field of technology that is applied in several sectors such as 
manufacturing, domestic and sports industries. Recently, the use of robotics in the sports sector has received 
extensive attention from robotics community. In particular, intelligent robotic systems are increasingly used in the 
detection of the dynamical variations of environment using sensor, selection and generation of proper movement in 
order to realize the goal task1. 
Tennis is known as one of important sporting event which has gained popularity in recent years. Correspondingly, 
coaching or training sessions have increased where the feedback received from majority of tennis trainees is the 
daunting task of collecting the tennis balls manually after each training session since the tennis courts often become 
cluttered with balls when they are being used. The literature review that has been carried out in the course of this 
study shows that a number of robotics tennis balls retriever have been developed over the years as indicated in2-11. 
However, there are many drawbacks. The drawbacks of current method of collecting the tennis balls have resulted in 
waste of time, insufficient resting time for tennis players which results in more energy exhaustion and unsatisfactory 
performance of the tennis players during training sessions. Therefore, the objectives of this study are to develop an 
autonomous robot that can sweep around the tennis court to collect tennis balls autonomously, enhances tennis 
coaching/training quality, saves time and energy of tennis players and most importantly, serve as an educational tool.
This paper is organized in the following manner. Section 2 discusses the design requirements of the autonomous 
tennis ball retriever robot, section 3 describes system configuration followed by the description of the 
implementation details in section 4 and finally conclusion in section 5.
2. Design Requirements
The diameter and weight of a tennis ball is 6.67cm and 57.7 grams respectively. The typical size of the tennis court 
is 29.80 meter long and 14.63 meter wide. In each training sessions, a coach will feed lots of tennis balls to tennis 
trainees, and hence there will be a lot of tennis balls scattered at the back of the court. Fig. 1 illustrates tennis balls 
scattering on the court after each round of training12.
Fig. 1. Tennis balls in court12
3. System Configuration
The autonomous tennis ball retriever robot is divided into mechanical and control sub-systems.
3.1 Mechanical Subsystem
The mechanical subsystem of the autonomous tennis ball retriever robot is shown in Fig. 2 with different views. 
Top view shows the control panel of the robot. From the front view of design, it can be seen that the robot consists 
of three limit switch, tennis ball retriever, wheels, and motors. The limit switch is activated when it is triggered by 
obstacles. The tennis ball retriever consists of 3 blades to sweep in the tennis balls into the storage. In the meantime, 
the DC motor is used to spin the tennis ball retriever. 
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(a) Top view of the design
(b)  Front view of the design (c) Right side view the design
(d) Left side view the design
(e) Rear view of the design
Fig. 2. Mechanical Subsystem
From the other views of the prototype, it can be seen that the tennis ball storage is used to store the tennis balls 
that have been swept in by tennis ball fetcher. Electronics compartment is used to put all the controller system of the 
robot as well as battery. The castor is free to rotate according to the navigating of the wheels. The rear part of the 
robot consists of two DC servomotors which are used to control the robot’s navigation directions. 
3.2 Control Subsystem & Navigation
Fig. 3 shows the control subsystem. The control sub-system consists of front and side limit switch boards, motor 
driver board, power supply board to regulate 9V to 5V, microcontroller board and L298N motor driver board.
3.3 Navigation
The navigating/collecting area of the robot is determined based on the literature review, where it mentioned most 
of the tennis balls will be distributed around the back of the court. Hence, this robot will sweep the court as shown in 
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Fig. 4 and the navigating of the robot follows one method, which is left side navigation. This is shown in Fig. 5.
              Fig. 3.  Control Subsystem                          Fig. 4. Collecting tennis ball area by robot                Fig. 5. Method of navigation
The algorithm for the navigation is illustrated in the flowchart shown in Fig. 6. 
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Fig. 6. Flowchart of the navigation system
Initially, the user needs to switch on the power. In the case of the left button is being pressed, the robot will 
reverse and make a left U-turn if its front switch is triggered. Then it will continue to move forward. If the front 
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switch is triggered for the 2nd time, the robot will reverse and make a right U-turn for this time. Then, it will 
continue to move forward again. The same step will repeat again whenever the front switch is triggered by making 
left and right U-turn alternately. Another condition is that, if the left/right switch and the front switch are both 
triggered, meaning it is detected that the robot has reached a corner and it will be stopped.
4. Implementation Details
The final assembled robot is shown in Fig. 7 and Fig. 8 shows the control sub-system.
                        Fig. 7. Mechanical Subsystem of the Assembled robot                                 Fig. 8. Control Subsystem of the Assembled robot
The mechanical subsystem assembly can be seen from the top view. The design of the robot is rugged and stable. 
The control subsystem consists of front and side limit switch board, DC motor driver, power supply board, L298N 
motor driver, side limit switch board, and microcontroller board. 
Several experiments were conducted on the developed an autonomous tennis ball retriever robot. It was found 
the retriever robot prototype was able to retrieve the tennis balls quite satisfactorily. For example, in 10 repeated 
runs, the average balls that were collected were about 60% (12/20 balls) However, there were situations when the 
robot could not retrieve all the balls, 0% (0/20 balls) due to malfunction of the servo motor and the inability to 
retrieve the balls. However, it should be emphasized that the main objective of the research is achieved, which is to 
design a machine to collect tennis balls autonomously as an educational tool. In this regard, the tennis ball retriever 
robot balls consists of a mechanical structure, a controller system, and a navigation system which equips the 
undergraduate students with necessary knowledge and skills. Modification need to be done in order to produce
better results. The prototype could be improved by adding new features such as solar powered and distance sensor in
replacement of a limit switch and by incorporating fuzzy, sensor and swarm based controllers given in research 
works13-15. 
5. Conclusion
In this paper, it is shown that a prototype tennis ball retriever robot was developed and tested. Although the 
performance of the robot was quite satisfactory, however it needs to be improved further. In future studies, 
enhancements on the navigation and the size of the storage compartment could be carried out. The knowledge and 
experience gained from the development of various sub-systems of the robot is useful for educating the 
undergraduate students.
26   I. Elamvazuthi et al. /  Procedia Computer Science  76 ( 2015 )  21 – 26 
Acknowledgements
The authors would like to thank Universiti Teknologi PETRONAS (UTP), Malaysia, University Selangor, 
Malaysia, Monash University Malaysia, Frontline Electronics Pvt. Ltd, Salem, India and Department of ECE,
Government College of Engineering Bargur, India for their support.
References 
1. R. Mori, F. Takagi, and F. Miyazaki, "Development of intelligent robot system realizing human skill-realization of ball lifting task using a 
mobile robot with monocular vision system," in Robotics and Automation, 2006. ICRA 2006. Proceedings 2006 IEEE International 
Conference on, 2006, pp. 1280-1285.
2 R. J. Webster III and A. S. Brannon, "The electronic ball boy: A reactive visually guided mobile robot for the tennis court," in Robotics and 
Automation, 2002. Proceedings. ICRA'02. IEEE International Conference on, 2002, pp. 2054-2059.
3. J. C. Miller, R. Serrato, J. M. Represas-Cardenas, and G. Kundahl, The handbook of nanotechnology: Business, policy, and intellectual 
property law: John Wiley & Sons, 2004.
4. K. G. Beranek, "Tennis ball retriever," ed: Google Patents, 1995.
5. R. Landy, M. Hodermarska, D. Mowers, and D. Perrin, "Performance as art-based research in drama therapy supervision," Journal of 
applied arts & health, vol. 3, pp. 49-58, 2012.
6. S. Cheng, "Research on Ping-Pong Balls Collecting Robot Based on Embedded Vision Processing System," in Applied Mechanics and 
Materials, 2014, pp. 838-841.
7. K. Mülling, J. Kober, and J. Peters, "Simulating human table tennis with a biomimetic robot setup," in From Animals to Animats 11, ed: 
Springer, 2010, pp. 273-282.
8. F.Y. LU and Z.-f. LIU, "Design of an Automatic Picker for Tennis Balls Based on Remote Control Technology," Mechanical & Electrical 
Engineering Technology, vol. 6, p. 034, 2010.
9. N. Chawla, W. Alwuqayan, A. Faizan, and S. Tosunoglu, "Robotic Tennis Ball Collector."
10. A. F. M. Ribeiro, C. D. O. E. Silva, I. M. C. Moutinho, P. L. D. C. E. Silva, L. F. C. Pacheco, S. A. C. De Oliveira, et al., "Fully 
autonomous or remotely operated golf ball picking system," ed: Google Patents, 2008.
11. M. Hatano, "Research on hitting tasks performed by the tennis robot," in SICE Annual Conference 2010, Proceedings of, 2010, pp. 2358-
2359.
12.   http://tenniscourtreviews.com/about-tennis-courts, accessed 12th June 2013.
13. R. Rashid, I. Elamvazuthi, K.M., Begam and M. Arrofiq, Differential Drive Wheeled Mobile Robot (WMR) Control using Fuzzy Logic 
Techniques, 4th Asia International Conference on Mathematical/Analytical Modelling and Computer Simulation, 26-28, May, 2010. , Kota 
Kinabalu, Borneo, Malaysia.
14. M.K.A. Ahamed Khan, I. Elamvazuthi, S. Muralidaran and A. Khan, Implementation of Controller Design and Navigation Algorithm for 
Sensor-Based Path Planning and Tracking Control Scheme for Non-Holonomic Wheeled Mobile Robot, Unisel Journal of  Science, 
Engineering  and Technology, Vol 1, No 1 (2014).
15. M. Gunalan, I. Elamvazuthi, N.H. Hamid and T. Ganesan, Performance Enhancement of PID Tuning of DC Servomotor using 
Metaheuristic Algorithm, International Journal of Scientific Engineering and Technology (IJSET), Volume No.3 Issue No.7, pp : 951-954.  
